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FOREWORD 

This r e p o r t  p r e s e n t s  r e s u l t s  of the  expansion and improvement of the  
FORMA system f o r  response and load a n a l y s i s .  
f o r  FORTRAN Matr ix  Ana lys i s .  The s tudy ,  performed from 16 May 1975 
through 1 7  May 1976 was conducted by the  A n a l y t i c a l  Mechanics Department, 
Mar t in  Mar i e t t a  Corpora t ion ,  Denver Div i s ion ,  under the c o n t r a c t  NAS8- 
31376. The program was adminis te red  by t h e  Na t iona l  Aeronaut ics  and 
Space Admin i s t r a t ion ,  George C .  Marshal l  Space F l ig t i t  Cen te r ,  H u n t s v i l l e ,  
Alabama under the  d i r e c t i o n  of D r .  John R .  Admire , S t r u c t u r a l  ilynamics 
Div i s ion ,  Systems Dynamics Labora tory .  

The acronym FORMA s t a n d s  

This r e p o r t  i s  publ i shed  i n  seven volumes: 

Volume I - Programmtng Manual, 
Volume I I A  - L i s t i n g s ,  Dense FORKA Subrou t ines ,  
Volume IIB - L i s t i n g s ,  Sparse  FORMA Subrou t ines ,  
Volume IIC - L i s t i n g s ,  F i n i t e  Element FORMA Subrou t ines ,  
Volume IIIA - Explana t ions ,  Dense FORMA Subrout ines ,  
Volume IIIB - Explana t ions ,  Sparse  FORMA Subrout ines ,  and 
Volume I I I C  - Explana t ions ,  F i n i t e  Element FORMA Subrout ines .  
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ABSTRACT 

T h i s  r e p o r t  p r e s e n t s  techniques  f o r  the s o l u t i o n  of s t r u c t u r a l  
dynamic systems on an  e l e c t r o n i c  d i g i t a l  computer u s ing  FORMA (FORTRAN 
- Matrix g a l y s i s )  . 

FORMA i s  a l i b r a r y  of subrou t ines  coded i n  FORTRAN I V  f o r  t he  e f f i -  
c i e n t  s o l u t i o n  of s t r u c t u r a l  dynamics problems. These s u b r o u t i n e s  a r e  
i n  t h e  form of b u i l d i n g  b locks  t h a t  can  be put  t o g e t h e r  t o  so lve  n l a r g e  
v a r i e t y  of s t r u c t u r a l  dynamics problems. The obvious advantage of t h e  
b u i l d i n g  b lock  approacS i s  t h a t  programming and checkout  time a r e  l i m i -  
t e d  t o  t h a t  r equ i r ed  f o r  p u t t i n g  the  b locks  toge the r  i n  the  proper  o r d e r .  

The FORMA method has  advantageous f e a t u r e s  such a s :  

1. subrou t ines  i n  t h e  l i b r a r y  have been used e x t e n s i v e l y  f o r  many 
yea r s  and a s  a r e s u l t  a r e  well checked o u t  and debugged; 

2. method w i l l  work on any computer wi th  a FORTRAN I V  compi l e r ;  

3. i n c o r p o r a t i o n  of new s u b r o u t i n e s  is no problem; 

4. b a s i c  FORTRAN s t a t emen t s  may be used t o  g ive  extreme f l r u i -  
b i l i t y  i n  w r i t i n g  a program. 

Two programming techniques  a r e  used i n  FORMA: dense and sparse. 
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AC KNOULE DGMENTS 

The e d i t o r  expres ses  h i s  a p p r e c i a t i o n  t o  those  i n d i v i d u a l s  whose 
a s s i s t a n c e  w a s  necessary  for the s u c c e s s f u l  complet ion of th i s  repor t .  
Dr. John R. Admire was i n s t r u m e n t a l  i n  t h e  d e f i n i t i o n  of the  program 
scope and c o n t r i b u t e d  many va luab le  sugges t ions .  Messrs. C a r l  Bcdley, 
Wilcomb Benf i e ld ,  Darrell Devers,  Richard Hruda, Roger P h i l i p p u s ,  and 
Herber t  Wilkening, a l l  of the  Analy t i -a1  Mechanics Department,  Denver 
Div i s ion  of Mart in  Marietta Corpora t ion ,  have c o n t r i b u t e d  i d e a s ,  a s  
m l l  as subrou t ines ,  i n  the fo rmula t ion  of the  FORMA l i b r a r y .  

The e d i t o r  also expresses h i s  a p p r e c i a t i o n  t o  those  persons who 
developed FORTRAN, p a r t i c u l a r l y  t h e  sub rou t ine  concept  of t h a t  pro- 
gramming too  1. 



vi 

The fo rmula t ion  and s o l u t i o n  of most s t r u c t u r a l  dynamics problems 
invo lves  the  use  of  matrix a n a l y s i s  and an  e l e c t r o n i c  d i g i t a l  computer.  
Ma t r ix  a n a l y s i s  is used because i t  a l lows  complicated n r i t h n e t i c a l  oper-  
a t i o n s  t o  be formula ted  s y s t e m a t i c a l l y  and provides  a conpac t  form of 
bookkeeping. The e l e c t r o n i c  d i g i t a l  computer i s  used i n  the s o l u t i o n  
of t h e  problem because of i t s  low c o s t  p e r  c a l c u l a t i o n .  

Af t e r  the  a n a l y s t  has  formulated a problem i n  ma t r ix  n o t a t i o n ,  he 
i s  faced  wi th  t h e  p r a c t i c a l  co r i s ide ra t ion  of o b t a i n i n g  numerical  an- 
swers us ing  numerical  i n p u t  t o  the  equa t ion .  The a n a l y s t  must there- 
f o r e  t r a n s l a t e  ( i . e . ,  program) the  equa t ions  i n t o  a form recognizable  
by the  computer. Two computer programming approaches a r e  a v a i l a b l e  t o  
t h e  a n a l y s t .  One i s  t o  program the computer to s o l v e  a s p e c i f i c  type 
problem us ing  a b a s i c  p r o g r a m i n g  language such a s  ALGOL o r  FORTRAN. 
Th i s  approach can  y i e l d  a very e f f i c i e n t  computer program but  the de- 
velopment o f  such  a program i s  v e r y  t i m e  consuming. 
proach i s  p r a c t i c a l  on ly  i f  the program w i l l  be used e x t e n s i v e l y .  
second approach invo lves  a l i b r a r y  of matrix a n a l y s i s  o p e r a t i o n s  i n  
sub rou t ine  form t h a t  a l lows  the  a n a l y s t  t o  set  up h i s  own program u s i n g  
a "bui ld ing  block" concept .  Th i s  second approach a l lows  the  a c q u i s i t i o n  
of qu ick  resul ts  from problems of q u i t e  d i f f e r e n t  types  and i s  the  ap- 
proach cons idered  i n  t h i s  r e p o r t .  

Thus, such an ap- 
The 

The v a l i d i t y  of the  second approach becomes e v i d e n t  from a s tudy  
of s t r u c t u r a l  dynamic a n a l y s i s  methods. This s t u d y  r e v e a l s  t h a t  f o r  
most types of problems, the mathematical  o p e r a t i o n s  r e q u i r e d  f o r  so lu -  
t i o n s  are l i m i t e d  i n  number. Thus, t hese  mathematical  ope ra t ions  can 
be programmed i n  t h e  form of computer s u b r o u t i n e s  r e s u l t i n e  i n  a l i b r a r y  
of "bui ld ing  blocks" t h a t  can  be p u t  t o g e t h e r  t o  s o l v e  a l a r g e  v a r i e t y  
of s t r u c t u r a l  dynamics problems. The obvious advantage of the bu i ld ing  
b lock  approach i s  t h a t  the  only  p r o g r a m i n g  and checkout  t i m e  requi red  
is p u t t i n g  the  necessary  blocks toge the r  i n  the proper  o r d e r .  

The bu i ld ing  b lock  approach desc r ibed  i n  t h i s  r e p o r t  u ses  FORTRAN 
c a l l  statements wi th  s u b r o u t i n e s  from a l i b r a r y  of sub rog t ines  e n t i t l e d  
FORMA (FORTRAN Matrix d n a l y s i s ) .  
F O m  l i b r a r y  was s t a r t e d  i n  1964 by eng inee r s  i n  the Dynamics and Loads 
S e c t i o n  of Mart;n M a r i e t t a  C o r j o r a t i o n ,  Denver Div i s ion ,  t o  solve a wide 
v a r i e t y  of sti 
t h e  T i t a n  boos te r  and Skylab o r b i t i n g  l a b o r a t o r y  These sub rou t ines  
=re programed s p e c i f i c a l l y  f o r  the  s o l u t i m  of smal l  and medium s i z e  
s t r u c t u r a l  dynamics problems of u p  t o  approximately 150 degrees  o f  f r e e -  
dom. Since t h i s  beginning,  the FORMA l i b r a r y  has  been expanded t o  in-  
c l u d e  the s o l u t i o n  of l a r g e  size s t r u c t u r a l  dynamics problems of u p  t o  
approximately 6000 degrees  of  freedom. These sub rou t ines  f o r  t he  ana ly-  
sis of l a r g e  s i z e  s t r u c t u r e s  have been u s e d  by eng inee r s  i n  t h e  Qnamics  

Development of sub rou t ines  i n  the 

x r a l  dynamics ana lyses  of aerospace  v e h i c l e s  such as 
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and Loads Sec t ion  i n  the  a n a l y s i s  of  Viking and Space S!iuttle. The 
FORMA l i b r a r y  as  inc luded  here  c o n s i s t s  of over  200 subrou t ines .  L i s t -  
i n g  and exp lana t ions  of t h e s e  sub rou t ines  a r e  g iven  i n  Volumes I1 and 
IXI r e s p e c t i v e l y .  A d i v i s i o n  i s  made i n  those  two volumes f o r  dense 
programming l o g i c  s u b r o u t i n e s ,  s p a r s e  programming l o g i c  sub rou t ines  and 
f i n i  te element s u b r o u t i n e s  . 

The FORMA l i b r a r y  i n c l u d e s  sub rou t ines  f o r  mass matrix c a l c u l a t i o n s ,  
s t i f f n e s s  matrix ca l c u  l a  t i o n s ,  v i b r a  t ioi i  moJa 1 s o l u t i o n s ,  t i m e  res r o w e  
s o l u t i o n s  a s  w e l l  t s  t he  b a s i c  m a t r i x  a l g e b r a  s u b r o u t i n e s .  A list of  
a v a i l a b l e  sub rou t ines  i s  g iven  i n  Appendices A, B ,  and C of :tiis volume. 

The subrou t ines  i n  th i s  l i b r a r y  have been used e x t e n s i v e l y  and a s  
a r e s u l t  are well checked o u t  and debugged. The FORMA method has  advan- 
tageous f e a t u r e s  such as: 

1. method w i l l  work on any couputer  wi th  a FORTRAN IV cmpi l e r .  
It has  been used on the  IBE! 7044, XBM 7094, GE 625/635, CDC 
6400/6500, and UNIVAC 1108 wi th  on ly  minor mod i f i ca t ions ;  

2. computer times are  r easonab le ;  

3. i n c o r p o r a t i o n  of new subrou t ines  is  no problem; 

4. b a s i c  FORTRAN s t a t emen t s  may be used t o  g ive  extreme f l e x i -  
b i l i t y  i n  w r i t i n g  a program; 

5 .  an  a n a l y s t  can  program r e l a t i v e l y  complex problems wi th  very  
l i t t l e  p r o g r a m i n g  exper ience  ; and 

6. t h e  method of  programming i s  c l o s e l y  r e l a t e d  t o  the  manner 
of t h e  mathematical  formula t ion  of t he  phys ica l  problem. 

In conc lus ion ,  t h i s  r e p o r t  expands and improves the  FORMA system 
for  response and l o a d s  a n a l y s i s  by combing e x i s t i n g  and adding  new dense ,  
sparse and f i n i t e  e lement  sub rou t ines  t a  the  FORMA l i b r a r y .  Modifica- 
t i o n s  f o r  MSF'C requi rements  are included where necessa ry  
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I. INTRODUCTION 

This volume p r e s e n t s  the  programming techniques  and summarizes the 
s u b r o u t i n e s  a v a i l a b l e  i n  the  FORMA l i b r a r y  t h a t  w i l l  enab le  an a n a l y s t  
t o  conve r t  h i s  m a t r i x  equa t f cns  i n t o  a computer program. It  i s  assumed 
that the  a n a l y s t  has  a b a s i c  knowledge of F o r t r a n .  

Using t h e  FORMA method, a computer program i s  coded us ing  CALL 
s t a t e m n t s  f o r  the d e s i r e d  subrou t ines  from the  FORMA l i b r a r y .  Two 
p r o g r a d n g  techniques (dense and sparse) a r e  u t i l i z e d  t o  d e s c r i b e  the  
matrices. I n  dense p r o g r a m i n g ,  a l l  e lements  of the matrix, both  ze ro  
and non-zero,  are used. The maximum s i z e  of a ma t r ix  i s ,  thus ,  l i m i t e d  
by the core s i z e  of the computer. For example, wi th  an a v a i l a b l e  com- 
p u t e r  c o r e  s i ze  of 50,000, the  maximum square  matrix s i z e  i s  approxi-  
mately 150 (when two matrices a r e  used).  ' Io  g e t  around t h i s  s i z e  re- 
s t r i c t i o n ,  a sparse p r o g r a m i n g  technique was dev i sed .  I n  sparse pro- 
granming ( subrou t ines  begin  w i t h  the l e t te r  '?") on ly  the non-zero m a t r i x  
e lements  are . .ed. I n  t h e  s p a r s e  technique,  the  ma t r ix  s ize  i s  nominal ly  
un l imi t ed  because p a r t i t i o n s  of a matrix are s t o r e d  on d i s k .  

A l ist  of a v a i l a b l e  sub rou t ines  is inc luded  i n  Appendix A (dense) ,  
Appendix B (sparse), and Appendix C ( f i n i t e  e lement)  grouped accord ing  
t c  f u n c t i o n  (e.g., i n p u t ,  ou tpu t ,  a l g e b r a i c  c a l c u l a t i o n ,  e t c . ) .  

As - d t h  a l l  sk i l l s ,  the more exper ienced  and s k i l l f u l  the a n a l y s t  
is, the " b e t t e r "  t h e  FORMA program he w i l l  c-sde. 
def ined  t o  be one that  h a s  t h e  maximum p o s s i b l e  m a t r i x  s i z e s ,  checks 
the  i n p u t  d a t a  f o r  mis takes  (where p o s s i b l e ) ,  and uses  the least  com- 
p u t e r  t i m e .  Probably t h e  b e s t  means of improving FORMA s k i l l s  is by 
becoming f a m i l i a r  w i th  F o r t r a n  c a p a b i l i t i e s  through readirrg of a F o r t r a n  
coding  manual. It s h o d d  be emphasized, however, t h a t  acy FORMA program 
w i l l  w r k ,  some programs are j u s t  ' 'bet ter ' '  than  o t h e r s .  

A " b e t t e r "  program i. 



11. PROGRA!!NG TECHNIQUE (DENSE PROGRAMMING LOGIC) 

1. m f  er of Data 

T r a n s f e r  of  ma t r ix  d a t a  t o  and from t h e  s u b r o u t i n e s  is made by 
subrou t ine  arguments.  
l a b e l e d  CCMON b lock  a s  exp la ined  i n  s u b r o u t i n e  START. 

T r a n s f e r  of page heading d a t s  is made by j. 

I n p u t  m a t r i x  d a t a  f o r  programs us ing  dense FORMA s u b r o u t i n e s  a r e  
read u s i n g  Subrout ine READ f o r  r e a l  numbers (a F o r t r a n  term f:r numbers 
wi th  a decimal  p o i n t )  o r  Subrout ine READIM for i n t e g e r  numbers, 
spec ia l -pu rpose  s u b r o u t i n e  (READO, is a v a i l a b l e  b u t  i s  n o t  needed f o r  
w s t  programs. The o n l y  o t h e r  s u b r o u t i n e s  t h a t  read i n p u t  d a t a  a r e  (a )  
Subrou t ine  START 3 c a r d s  f o r  (1) r u m  number, and u s e r ' s  name, (2) t i t l e  
c a r d  1, and (3) t i t l e  c a r d  2 ; (b) Subrout ine COMEb!T f o r  comPent c a r d s ;  
( c )  Subrout ine UPDATE fo r  tape upda t ing  d a t a ;  (d) Subroc t ine  RBTWB f o r  
d a t a  d e f i n i n g  degrees  of freedom and c o o r d i n a t e  l o c a t i o n s  f o r  a s t r u c t u r a l  
system. No o t h e r  s u b r o u t i n e s  read i n p u t  d a t a .  

A 

P r i n t e d  o u t p u t  d a t a  f o r  programs using dense FORMA s u b r o u t i n e s  are 
g e n e r a l l y  ob ta ined  by us ing  Subrout ine WRITE for r e a l  numbers o r  Sub- 
r o u t i n e  WRIZIM f o r  i n t e g e r  numbers. Except ions t o  t h i s  a r e  the time 
response s u b r o u t i n e s  and frequency response s u b r o u t i n e s .  
volume of c a l c u l a t e d  d a t a  l e  t o o  g r e a t  t o  be t r a n s f e r r e d  o u t  of t h e  
sub rou t ine  and is a u t o m a t i c a l l y  p r i n t e d  i n  the s u b r o u t i n e .  Other ex- 
c e p t i o n s  ate CKMAS1, CKSTFl and RBT'SAB which provide s p e c i a l l y  f-r- 
matted ou tpu t .  

Here t h e  

I n  t h e  development of FORMA i t  was recognized t h a t  t h e  m a t r i x  s i z - 5  
and rcw dimensions cou ld  be e l i m i n a t e d  from t h e  s u b r o u t i n e  arguments t o  
g ive  simpler CALL s t a t e m e n t s .  However, by d o i n g  t h i s ,  c o n s i d e r a b l e  pro- 
graming s k i l l  is then r equ i r ed  by t h e  a n a l y e t  i f  i n  h i s  program he wishes 
to r e f e r  to a p a r t i c u l a r  element of a ma t r ix .  Cons ide r ing  t h e  advantages 
and d i sadvan tages  o f  (1) more arguments in CALL s t a t e m e n t  bu t  e a s y  m a t r i x  
element r e f e r r a l  i n  main program a g a i n s t  ( -1  less arguments i n  CALL s t a t e -  
ment bu t  d i f f i c u l t  ma t r ix  element r e f e r r a l  i.n m a i n  program, i t  was decided 
t o  use t h e  f i r s t  approach. 
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2 .  Codinn Procedure - Sample Problem 1 

Perhaps tlic b e s t  means of deinonstrat ing tlic usc of FORMA is 
through D sample problem. Assumr tlic m a t r i x  e q u a t i o n  

is to be programed. M a t r i c e s  I P ] ,  [Q], and LR] a r e  t o  be inpiit 
(Jato t o  the  program. The ;Inswc'r matr ix  [Z] i s  to bc p r i n t e d .  l'lic 
maximum sizes cxpecLcd a r e  N 1  = 50 ,  N 2  - 4 5 ,  and N3 = 60. How- 
e v e r ,  t h e  p a r t i c u l a r  sizes o f  N 1 ,  NZ, and N3 w i l l  be deterrnincd 
a t  run  time and could be any v a l u e  between 1 and t h e  maximum s i z c  
ibxpec t ed  . 

The fol lowing s t e p s  a r e  used t o  code t h e  program. The program 
w i l l  be w r i t t e n  on a s h e e t  of codi,ig paper t o  f a c i l i t a t e  k e y p u c h -  
i r is  t h e  informat ion  to c a r d s .  A t y p i c a l  coding s h e e t  w i t h  thc  
s t e p s  l i s t c d  below is shown i n  F i g u r e  1 .  

The names f o r  d a t a  i n  a program a r e  a lphanumeric ,  but t h c  
f i rs t  c h a r a c t e r  must be d l p h a b e t i c .  A f i r s t  l e t r e r  o f  I ,  J; K, 
I , ,  M, or N i n d i c a t e s  an i n t e g e r ,  w h i l e  t h e  res t  of  t h e  a lphabe t  
i n  t h e  f i r s t  l e t t e r  i n d i c a t e s  a r e a l  number. 

S t e p  (1) - C a l l  Subrout ine  START t o  r e a d  t h r e e  i n p u t  d a t a  
c a r d s  For (1) run number and u s e r ' s  name, ( 2 )  t i t l e  c a r u  1, and 
( 3 )  t i t l e  card 2.  

S t e p  (2, - Write t h e  Q.LL s t a t e m e n t s  based on t h e  above equa- 
t i o n  (1) us ing  t h e  s u b r o u t i n e s  l i s t e d  i n  Appendix A .  T h i s  is 
shown in F i g u r e  1 where K1 i s  a symbol used t o  d e s i g c a t e  t h e  max- 
imum s i z e  expected for N 1 .  S i m i l a r l y  f o r  K 2 , N L  and K3,N3. 

S t e p  ( 3 )  - Write Lhe DIMENSION s t a t e m e n t s  f o r  t h e  m a t r i c e s .  
T h i s  Apdicates t h e  maximum sizc expected f o r  each  ma t r ix .  Note 
t h a t  an i n t e r m d i a t c  mat r ix  [PPQ] = 1 .  [PI  + [Q] i s  formed i n  Sub- 
r o u t i n e  M B B  and must be dimensioned. The nuinerical v a l u e s  f o r  
V I ,  K2, and K3 a r e  a l s o  d e f i n e d .  

S t e p  (4) - S h i f t  back t o  Subrout ine  START by us ing  t h e  F o r t r a n  
s la tement  f;O TO 1 .  This procedure a l l o w s  f o r  " s t acked"  problems. 
The r u n  is t e rmina ted  by a S'I'OY d a t a  ca rd  (see  Subrout ine  START 
i - r l t e u p )  a f t e r  t h e  d a t a  of t h e  last problem. 

Scep ( 5 )  - The end of  t h c  F o r t r a n  80urcc' deck is i n d i ,  ut c 4  
wt t h  t h e  F o r t r a n  s t a t emen t  END. 
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5 .  6 .  , 
'p'2x3 = 1:: 

8 .  

Thc f i r s t  t h r e e  c a r d s  o f  i n p u t  d a t a  c o n t a i n  t h e  fo l lowing  i n -  
fcrma t i o n  : 

Card 1 :  Run number i n  columns 1-6. User's name i n  c o l -  
umns 11-28. 

Card 2 .  T i t l e  1 i n  columns 1-72. 

Card 3: T i t l e  2 i n  columns 1-72. 

The i n p u t  form f o r  each  mat r ix  i s :  

F i r s t  C a r d :  Matr ix  name i n  columns 1-6. Matr ix  row s i z e  
i n  columns 7-10 ( r i g h t  j u s t i f i e d ) .  Mat r ix  
column size i n  columns 11-15 ( r i g h t  j u s t i f i e d ) .  

Middle Cards:  Mat r ix  row number i n  columns 1-5 ( r i g h t  
j u s t i f i e d )  of d a t a .  Mat r ix  column number 
i n  columns 6-10 ( r i g h t  j u s t i f i e d )  o f  d a t a  
i n  *iext f i e l d .  Matrix d a t a  i n  f o u r  f i e l d s  
i n  columns 11-27 ,  28-44, 45-61, and 62-78.  

L a s t  Card: Ten zeros i n  columns 1-10. 

The l a s t  i n p u t  card i s  STOP i n  columns 1 - 4 .  
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3. Codinr. a R c a t t c r  Prograin 

I f  the a n a l y s t  i s  s a t i s f f c d  w i t h  t h e  prv;:rmi h r  has codcd. 
t h i s  s e c t i o n  can  IM- sk ipped .  I l w e v e r ,  i f  I i i r ~ e  s i z t .  n w t r i c c s  .trt. 
t o  be  usc.d or i f  i t  is d e s i r e d  t o  cht-ck tl ic s i z e s  t ~ l  tile inpu t  
m a t r i c e s  then  t h i s  s e c t f o n  sl:?t:!tl hc consul t c 4 .  

Equivnlcnce  - I f  t h e  ana lys t  wis1,r.d to i n c r e a s e  tliv nwxiniu? 
expec ted  s i z e s  i n  tliv program [ i f  F i g ~ i r v  1 t o  K1 = K2 = K . i  = 
t hen  50,000 c o r e  l o c a t i o n s  would !w r e q u i r e d  for the matr ic t . s  
~ f o n e .  I f  t l i i s  s i z e  requi rement  cxceeds  t!w c a p a c i t y  o f  the coiii- 
pit ter  beinR usvd, then  core 1oc.i t ions w i l l  have to he sha red  Iw- 
tween m a t r i c e s  whcsrc p o s s i b l e .  T h i s  is accomplished by u s i n &  For-  
t r a n  EQUIVALENCE. Equiva lenc ing  is it very  s e m i  t i v e  operaticii i  hc- 
cause  i t  is e a s y  to wipe o u t  numbers o f  a ma t r ix  b e f o r e  be ing  f i n -  
i shed  w i t h  t h e  ma t r ix .  Mis takes  of t h i s  type  w i l l  n o t  s t o p  t h e  
runn ing  of t h e  problem and can  o n l y  he noziced (hopefu l ly! )  by 
" inco r rec  t - looking"  answers .  

There  are s e v e r a l  methods o f  e q u i v a l e n r i n g .  I n  t h e  f i r s t  meth- 
od, t h e  v a r i o u s  matrices are equ iva lenced  to  l o c a t i o n s  i n  a l a r g e  
dumay matrix. I n  the second method, t h e  v a r i o u s  m a t r i c e s  a r e  equiv-  
a lenced  to  each  o t h e r .  The t h i r d  rm?:liod i s  a "manual equ iva lenc -  
ing" procedure  and is recommended ove r  t h e  e t h e r  two methods be- 
cause  i t  is easier t o  code and unders tand .  I n  t h i s  manual eqtiiv- 
a l e n c i n g  method, o n l y  t\ao ar thTee m a t r i c e s  a r c  dimensioned [ e . g . .  
DXMENSICN A(100,100), B(110,100),  C(lOO,lOO)]. The e n t i r e  p r o g r a 3  
is coded u s i n g  only t h e  n m e s  A, B, or C. The par t icu!=r  meaning 
of A, B, or C should  then  be g i v e n  i n  Columns 7 3  t h r u  80. Bv 
t h i s  t h i r d  method, t h e  E.$JIVALENCE s t a t e m e n t s  are k e p t  t o  a mini- 
mum and may n o t  be  needad a t  a l l .  

It is a d v i s a b l e  to equ iva lence  o n l y  t h e  l a r g e r  m a t r i c e s  of a 
program. The p o s s i j i l i t y  of  mistakt.  i n t roduced  by e q u i v a l e n c i n g  
s c a l a r s  and t h e  s-.aller m a t r i c e s  is not  wor th  t h e  small amount of 
c o r e  t h a t  w i l l  5e saved .  

To der . -ns t ra te  t h e  manual equ iva lenc ing  method, assume t h c  d i -  
mensions of t h e  program of F i g u r e  1 arc. t o  he i n c r e a s e d  te K1 = 
K2 = A3 = 100. Assume t n a t  t h e  r e s u l t i n g  5G.OCO c o r e  l o c a t i o n s  
rxceeds  t h e  c a p a c i t y  of t h e  computer be ing  used .  

In the f i r s t  example of manual e q u i v a l e n c i n g ,  Subrou t ine  HULT 
is r e t a i n e d  i n  t h e  program. 
be needed. The t e s u l t i n g  program i s  shown i n  F i g u r e  . 3 .  The ccrt. 
requi rements  f o r  t!iis program arc. o n l y  30,000 fo r  the matrices. 
Tht- i n p u t  d a t a  of Figtire 2 is s t i l  1 t h e  s a w .  T!ic. siimt resiil t s  
as the program shown f n  F i g u r e  1 w i  1 1  s t i l l  tw oh:. i i  nctl. 

Thr:s a minimum of t h r e e  m a t r i c e s  w i l l  
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I n  t h e  sc*rcJnci cxaInp!c ol IUIUI:I I  ~ .q \ t iv . l I~ .nr irr; : ,  tliu prvgi-.a-: . I !  .. - F i a u r c  3 is rrudif ivd to  LI:.,. , , I I ! .  '...A- : I I ~ J I I - ~ ~ L * : . .  ; : l i s  rc.qtiirt.> f : ~ . ! !  

Stibrot \ t i tw MULT hc rcp1azc.d w i !  I r  I - :  I ii..r Subrotit i I?C' YIJLTA or ?fl'!.'llR. 
l'tit. restit t i n g  program is s l w w n  i n Pi Z t r r e  4. Thy core  rcqirti-,.-:~.11: 3 

t n r  t h i s  prograni ~ r t -  i?iily 7 0 , 0 0 0  J t i r  t h e  n*atric. .s .  Ttic i i q i i : !  J.I:.I 
0 1  F i g u r e  2 is s t i l l  t h e  s a m c .  The samc r c s i i l [ ~  JS the- p r o L r m  
shown i n  F i g u r e  1 w i  11 s t  i l l  I r e  ohti!ined. 

S i t e  Check - Any of t h e  t h r c e  programs j w t  coded *.:i! 1 run 
crvc'ti i f  there is il t i t istake i n  t i re  matrix sizes i n  tlic i n p u t  ~ : ; I [ . I .  

The m d i f i c a t i o n s  to t h e  prograui cf  Figur<. 4 t o  check thc s i : : c x  
of tho i n p u t  matrix d a t a  are shown i n  F i g u r e  5. T h i s  is t h c  "! i , -s t"  

program for t h e  sample problem g i v e n  by equaticn (1). The i n p u t  
d a t a  of F i g u r e  2 is s t i l l  t h e  Sam-. The  sa:^ r c s u l t s  as t h o  p r o -  
gram shown in F i g u r e  1 w i l l  s t i l I  be o b t a i n c d .  
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L.  Sample Prohlcnr L 

To fu r t l i e r  i l l u s t r a t z  t he  use of FORMA, D second sample prob-  
itlm i s  coded i n  t h i s  s e c t i o n .  The coding techniques  described i n  
Sec t ion  4 to  o b t a i n  il " b e t t e r "  program w i l l  be used.  

In t h i s  problem, the  l* f r ce - t r lw"  mode sliapcs and f r equenc ie s  
of t h e  beam shown i n  F igu re  6 a r e  t o  be c a l c u l a t e d  and p r i n t e d ,  
Two degrees  oi freedom, t r a n s l a t i o n  and r o t a t i o n ,  a r e  assumed a t  
each of  t he  f i v e  panel p o i n t s  (also c a l l e d  c o l l o c a t i o n  p o i n t s ) .  
The i n p u t  d a t a  t o  the  computer program a r e  t h e  beam panel p o i n t s ,  
the beam weight d i s t r i b u t i o n ,  and t h e  beam s t i f f n e s s  d i s t r i b u t i o n .  
For t h i s  samplc problem t h e  d i s t r i b u t e d  r o t a r y  i n e r t i a ,  any con- 
c e n t r a t e d  w e i g h t s ,  and t h e  s h e a r  s t i f f n e s s  a r e  ignored .  

The fo l lowing  s t e p s  a r e  used t o  code t h e  computer program. 
The program w i l l  be w r i t t e n  o n  a s h e e t  of coding  paper  t o  f a c i l i -  
t a te  keypunching t h e  in fo rma t ion  t o  c a r d s .  A t y p i c a l  coding s h e e t  
w i t h  the s t e p s  l i s t e d  below is shown i n  F i g u r e  7 .  

As mentioned p rev ious ly ,  t h e  names f o r  d a t a  i n  a program are 
alphanumeric ,  b u t  t h e  first c h a r a c t e r  must be a l p h a b e t i c .  A f i r s t  
le t ter  of I ,  .I, K, L ,  M, or N i n d i c a t e s  an i n t e g e r ,  wh i l e  t h e  rest 
of t h e  a lphabe t  i n  the f i r s t  letter i n d i c a t e s  a real number. 

St8V (1) - C a l l  Subrout ine  START t o  r ead  t h r e e  i n p u t  d a t a  
c a r d s  for  (1)  run number and u s e r ' s  name, (2) t i t l e  ca rd  1, and 
(3) t i t l e  c a r d  2 .  

Ster, (2) - Write t h e  CALL statements to  read  i n  t h e  panel 
p o i n t s ,  weight  d i s t r i b u t i o n ,  and s t i f f n e s s  d i s t r i b u t i o n .  Checks 
on t h e  column s i z e  a r e  made. Write t h e  CALL s t a t e m e n t s  t o  c e l c u -  
l a t e  and write t h e  mass and s t i f f n e s s  m a t r i c e s ,  ana t o  c a l c u l a t e  
and write the  mode shapes and f r e q u e n c i e s .  K1 i s  a symbol used to 
design.te t h e  maximum number of deg rees  o f  freedom a l lowed.  K2 is 
a symbol used t o  d e s i g n a t e  t h e  maximum number of panel  p o i n t s  a l -  
lowed. W is a symbol used t r  : ,c.signate the  maximum l u m b e r  of 
towe of d i s t r i b u t e d  d a t a .  

S t e p  (3) - Write t h e  DIMENSION s t a t e m e n t s  f o r  t h e  m a t r i c e s .  
T h i s  i n d i c a t e s  t h e  maximum s i z e  expected f o r  each matrix.  Even 
though t h i s  sample problem has f i v e  panel p o i n t s ,  t h e  computer 
program is  w r i t t e n  assuming t h a t  t h e r e  could be as many a s  50 pan- 
e l  p o i n t s  and thus 100 degrees  o f  freedom, Al so ,  a maximum of  
60 row8 of  d i r t r i b u t e d  d a t a  i s  al lowed by t h e  dimension g iven  t o  
thc  mat r ix  D .  The corrcspondinu  va lues  f o r  K1, K2, and K ' I  a r e  
d e f i n e d ,  



13 

A 2 3 4 5 

0 30 50 100 120 

Station (in.) 

(e) Panel PoinL Arrangment 

50 50 120 

S t a t i o n  ( i n . )  

(b) Weight Distribution 

n 
iD 
2 
.o 
h 

U 

r;' 
; . 0 ;  
Y - 0 20 70 120 

W 

'4 

a 
I I l 

Statioo (in.) 
(c) St i f fncrr  Dlrtribution 

Fl6urc 6. Bear for S1.ple ?roblor 2 



14 

OR 
OF 

3 
8 d 
ai 



15 

S t e p  ( h i  - S h i f t  h c k  1 0  S i ! 1 ~ r ~ ~ ~ i t i n e  STAK'I' by i is ing t he  I:t lrtrdn 
s t a t c m e n l  CU T U  1 .  T h i s  procedure  a l lows  f o r  "stacked" problems.  
The r u n  is t e rmina ted  by a STOP d a t e  card (see Subrou t ine  Sl'ART 
w r i t e u p )  a f t e r  the  d a t a  of t h e  l a s t  problem. 

Step ( 5 1  - Tlicr chnd of tlic Fortriiii s o u r c e  dcbck is indicatcscl 
w i t h  the  F o r t r a n  s t a t emen t  E N D .  

The i npu t  data t o  sample prohlctri 2 is a l s o  w r i t t e n  on  3 cod- 
i n g  form a s  sliown i n  F i g u r e  8 .  Th(5 I i rs t  t h r c c  c a r d s  of  i n p u t  
d a t a  cont;iin t h e  io1 lowing in fo rma t ion :  

Card 1 :  Run nuniher i n  c.oli~rnns 1-6. Uscr's name i n  c o l -  
limns 11-28. 

Card 2 :  T i t l e  1 i n  columns 1 - 7 2 .  

Card J :  T i t l c  2 i n  columns 1-72. 

lhe i n p u t  form for c.clc11 m a t r i x  is :  

F i r s t  Cord: Ma t r ix  name i n  columns 1-6.  Mat r ix  row size 
in columns 7 - 1 0  ( r i g h t  j u s t i f i e d ) .  Mat r ix  
column s i z e  i n  columlls 11-15 ( r i g h t  j u s t i f i c d ) .  

Middle Cards :  Metric row number i n  columns 1-5 ( r i g h t  
j u s t i f i e d )  of d a t a .  Mat r ix  column numlxr 
i n  columns 6-10 ( r i g h t  j w t i f i c d )  o f  d a t a  
*n n i x t  f i e l d .  Ma t r ix  d a t a  i n  four f i e l d s  
i n  columns 1 1 - 2 7 ,  28-44, 45-61, and 61-78. 

Last Card :  Ten zeros i n  columns 1-10. 

The m a t r i x  d a t a  c o n s i s t s  o f :  

1) Matrix of pane l  p o i n t  s t a t i o n s  from F i g u r e  6 ( a ) ,  

2)  Matrix o f  end p o i n t  c o o r d i n a t e s  of t h e  l i n e  segments 
r e p r e s e n t i n g  t h e  d i s t r i b u t e d  we igh t  from Figrire b(h) , 

3) Mat r ix  of end p o i n t  coord i rmtes  o f  t h e  line segments 
r e p r e s e n t i n g  t h c  d i s t r i b u t e d  bending  stiffness from 
F i g u r e  C , ( c ) .  



16 

The end p o i n t  coordinates  of c a r h  nonvertical  straiKIit l i n k  !{\I- 
the d i s t r i b u t e d  d a t a  i s  givtbn a s  a row i n  the isd[rix C I L  d i s t i - i t J -  
utcd d a t a .  Each row has the form: 

Matrix column I - s t a l i o n  x i . e . ,  the  a b s c i s s a  of Lhc i’ 
l i n e  segment o r i g i n a t i n g  point .  

i . e . ,  tltc J b s r i s s i l  of the i+l ’ Matrix column 2 - s t a t i o n  x 

l i n e  segment termlnatinl: point .  

Matrix cotrinin ‘j - valuc a t  x (+) , i . e . ,  Lhe ordinate  o t  the i 
l i n e  segment o r i g i n a t i n g  p o i n t .  

Matrix column 4 - value a t  x (-1, i . e . ,  the ordinate  of the i +1 
l ine  segment terminating point.  

The las t  input card is STOP i n  card columns 1 - 4 .  
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111. PROGRAMMING TECHNIQUE (SPARSE PROGRAMMING LOGIC2 

1. T r a n s f e r  of Data 

Matrix d a t a  f o r  the  sparsc  nibroutines i s  s t o r e d  on d i s k  wi th  a d i s k  
number(represent ing a ma t r ix )  be ing  t r a n s f e r r e d  t o  and from the  subrou- 
t i n e s  by a:gument. T r a n s f e r  of page heading d a t a  i s  made by (L l abc led  
COMMON block as  exp la ined  i n  sub rou t ine  START. 

I n p u t  nutrix d a t a  is read us ing  subrou t ine  YREN) and p r i n t e d  ou tpu t  
d a t a  ' 8  obtainec! u s i n g  subrou t ine  YWRITE. 

2.  Coding Procedure 

The same example w i l l  be used here  t h a t  was used f o r  sainple problem 1 
for t he  dense programming logic. The example i s  repea ted  from page 3: 

A s  be fo re ,  matrices [P) , [Q] , and [R] are t o  be i.nput d a t a  t o  t h e  
program. The answer [ Z ]  i s  t o  be p r i n t e d .  

The fo l lowing  s t e p s  are used t o  code the  program. Thc program i s  
w r i t t e n  on a sheeL of coding paper  t o  facilitate ke) punching the i n -  
format ion  t o  c a r d s .  A t y p i c a l  coding s h e e t  w i t h  the steps l i s t e d  below 
is shown i n  F igu re  9. 

- S t e p 4  - Dimension workspaces V and LV a t  least  3 times the l a r g e s t  
row o r  column s i ze  expected.  The l a r g e r  t he  dimension s i z e  the f a s t e r  
t he  computer time. I n d i c a t e  the. dimension s i z e  wi th  KV. 

- S t e p a  - Set the  tape  names to  numbers. 

I_ S t e p 2  - Cal l  sub rou t ine  START t o  read t i tree i n p u t  d a t a  c a r d s  f o r  
(1) run number and u s e r ' s  name, (2; t - t t l e  card  1, and (3) t i t l e  c a r d  2 .  

- S t e p 3  - Write t h e  CALL s t a t e m n t s  based on the  above z q u t i o n  (1) 
using the  sub rou t ines  l i s t e d  A Appendix B. 

S tep  - S h i f t  back to  sub rou t ine  START by us ing  the For t r an  s t s t emen t  
GO TO 1. This prccedure a l lows  f o r  "stacked" problems, The run i s  t e r -  
minated by a STOP d a t a  card  (see subrou t ine  START writeup)  a f t e r  t h e  
d a t a  of t h e  l a s t  problem. 

- S t e p m  - The end of the  F o r t r a n  source  deck i s  i n d i c a t e d  wi th  th t  
Fo r t r an  s t a t emen t  EM). 



The input data for t h i s  sparse program is  i d e n t i c a i  to the input 
data previousiy s own on pages 5 and 6 (Figure 2) for the dense program. 

The techniques of pages 7 through :1 for coding a b e t t e r  dense pro- 
gram are not  pert inent  for a sparse program because equivalence i s  nor 
needed. 
not  shown here. 

The size checks could be made with the sparse  program but i s  
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A - 1  

APPFNOIX A ,  SUHPbRY CF CALLINC- I N S T R l K T I P N S  - 
DE NS€ F ORRA SUFRf'~'f1HE S. 

A 

A L P h P  
R €  TA 
AVFC 
I V F C  
T A t  
z 
ZVFC 
N 
NR 
NC 
K 
KR 
K C. 
V 
L V  
K V  
NUT1 
NT&PF 

e 
= INPlVT M A T R I %  
= I N P I T  RATPIX 
= TNPUT S C A L A R  
= INPUT SCALAR 
= INPUT V€CTGR (RUW CP COLUMN M A T P I X )  
= INPUT VFCTDP (PPW CP CCLUMN M A T F I Y ) .  X N I I G F Q  
= TNPLT TAF.LF (hATPI l I  WITP IrVCCPIPtFTE CrLI fMWS Ih' 5 C ' N  COWS) 
= RFYL'L1 MA?R!T( 
= RFSULT VFCTOR 
= Z I Z F  (FPP VFCTPP PF SCIJARF HATQXX) 
= Vt'wEER C'F PCWZ 
= MjwFER DF CPLlIPN6 
= RCW P I H F N Z I O N  
= R f W  @IPFMIVPJ 
= CPLtvN DTIYIEYSICN 
= VECTCG W t X K  ZPACF 
= V F C T r P  WCRK 5 F C C F w  INTEC-EF 
= V.LV DIHFNSICN 
= L@C-XCAL M!MkEQ DF ITH UfTLITY TaPF 
= SYMBCILIC NUMBER OF TAP€, FCR FXAMPL€r 1 



A -3 

.c l? HI SC F L L ANFOU S 

,01.01 P Q C G  R AM I N I f  I A L I 2 A 7  1 
CALL STAFT 

.(‘lo02 P R O G R A M  P A W  HEACING 
C b L L  PACFt-D 



A -3 

OC? INPUT 



A - 4  

02 INPUT ICCNTINUEO) 

* c 2 * 0 1  AL PHA-NUMERIC C HAQAC TE PS 
CALL RFmAN (IZt*NR,*NC,K'tKC) 

USES IhTAP€,LTAPF ,PAC,FFV VRTAPT ,WR IfAN,WTAPF 9 2 2EC MF: 0 

WRthC W I L L  BE DFFfNfP PY TPPUfo USE SYMBCLSo 
CAR@ INPUT 

F I R S T  C A R U  - IZNAME,NR,NC WITH Ab,14,15. F r R H b T -  
R F P A R K S  YN CffLUHNS I4490 
S I N  CQL 1 2  FOP W R I T €  TAPF I N I l I A L I Z F ,  
BLANKtRFWTNP,LT?T*C'P TAPEIO ( F C R  UFYTE 
TAPF) Ih; CCILlJHNS 73*-3€!0 
NWTAPF TbJ CC'LUWJS 79-800 

V'IDOLE C A R D S  - DATA WITH Z T f ; , I O A t ,  FOPM&To 
LAST CARD - TEN Z F R l ' f i S  I N  CPLUWS l ~ l f l m  

TAPE INPI IT 
(SPMF A $  SlN'P@UTINF RFAD AFCVE) ,  



A-5  



4 -6 

04 TAPF PPFRATXCNS 

RFWIND NTAPF AT FEGXNPJINC, CF M A I N  PPC?C.PAh. 

C40 Of I N I T I A L f Z  A l f P N  
CALL INTAPE ( N l A P F r b H T A P F I P I  

0040u5 UP D AT 1 NC- 
CALL UPDATE 



A -7 

0 c5 GFNFP AT I O N  



A -F 

o C 6  irLGEPNP 



P -9 



A - l  c 

06 ALGFF R A  (CPNTINUED 1 



A - i  1 





k - 1 3  



A - l l  

0 10 PA 5 c 



A-1 5 

011 STl F F W S Z  



012 MPRAL 



A-1 7 



A-1  F 



C - 1 0  

- 15  TNTFPNPL LtADC, 



A-2 @ 



A-3 1 

16 f T M €  PFSPONS€ ICONTfNIIFD) 

o Y . 6 0 0 5  F'OWEP SFFCTRAL D F N S I T Y  c;'F ACC'XTIC'NAL F ( 3 U A T I O N S  
C A L L  TPPSD f 6HXPUNhP,bPXhlbMF T F A F  Y €  XPISTAFTT TNLTXTP 

ZPSD,NFRFQ*7 I M P F P  ,NXTAPF,HPKV) 



A-33 

e l ’ ?  FPF QllEMCY RE S P W S E  

017m02 AL! P I TION A 1 EQU A T I CM 5 
CALL FP AEI ( A  * *STA ~ * * 2 1  D F N T T N Z  , V X T N P M F C P T K A  T N X T A P T T  

N Z T A P E )  
*STATIENS ( A 6  FCRPATIm 

**Z H E A D I N G  ( 1 2 A 6  F P Q M A T I .  
MAX NZ = 8 6  
Y b X  Nx = 50 



P 
A L F h A  
PETA 
NUTA 
NUTF 
PUT2 
AVEC 
I V F C  
z 
ZVFC 
W 
b! R 
NC 
K R  
KC 
V 
LW 
K V  
NUT1 
NTAPF 

= Jh'r*!IT PATFIX 
= Ih lFUf SCALAP 
= INPUT SCALAR 
= L I ' G I C A L  PUPhFH f F  I I T I L Y T Y  TPPF TC'NT6TNlNG INPUT PATPIX  A 

= L P G I C A L  WUMPFF FF L ' T T L I f Y  I A P F  C C ' h T A I M I N G  C'l'TPUT KATPIX L 
= Tb'PCJT VFCffR ( P f W  PF CCLlJMN MATRIX)  

= RF5ItLT PPTRTX 
= Q F S U L T  V F C T V P  
= M E T F I X  WfRY S P A C E  
= M r M E ? F R  C'F C V h S  
= P!UF(PFk OF C13LLtMNS 
= KPW DIMFbGTCN 
= COLUMN D Y M E N S I C N  
= VFCTCiP HWK $PACE 

= L T r 6 1 C b L  M I M F ! € R  f 'F  ['TILITY TCPF C f N T P I N I N G  INPUT H P T R I X  P 

= IhPClT V€CTn9 ( R F W  [ R  CCtLIfMN I W A T P I Y ) ,  INTEGFR 

= v r c T r R  WCRK S P A C F ,  INTUFR 
= V t L V  P I M F N Z I D N  
= L I ' G T C A L  WMhEP C+F 17H I I T I C T ' I Y  7APr 
= LVT-ICAL M J M R E R  f F  FfRMA RFYcFVF TFPF 



e -2 

001 M I  ISC F LL AFIF r!l t 5 

.01.05 COPY Tl7 ANOTHER TAP[ 
CALL FQVPL ( N U T A T N U T Z ~ V T L V T K V )  



f. -3 

002 1NPI:T 



003 CVT P If 1 



P -5 



e -6 

mc5 GF NE R PT I C N  



F -7 

0@6 A1C-FPPA 





F -4, 

OCP S 1 1  FFNF SS 





c-1 

*** L I S T  OF SYM3CiLS *** 



C -? 

. @ I  M T  SC F L L  ANFCU S 

O O X O C ?  FVLFP ANT: LfS 
CALL E U L F R  (FtR ,KR) 

-01 003 TFTPAHEDS@M GFClMLTRY 
C ALL f E CEOH f C J t JM t V  L t DV 9 KC Jt IFF? AD 1 

U Y E S  V C R P S S ~ V P C T .  





c 4  
93 MASS 



C -5 

04 V I F F N F S S  



c -i, 

.@5 PlJC P. L I NC 



c -7 

e 0 6  F L U I D  PRESSVPF 


